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TRPV and TRPM proteins have been shown to form
temperature-responsive cation channels that act in
nociception. Recent work on the mouse ANKTM1
and Drosophila Painless proteins shows that
members of a third TRP subfamily, TRPN, also
function in thermosensation.
The survival of animals is critically dependent on their
ability to sense noxious environmental input, such as
high and low temperatures, toxic chemicals and
strong mechanical stress. Nevertheless, until just a
few years ago, the molecules that respond to such
external stimuli were unknown. A key observation in
understanding the mechanisms through which
mammals detect noxious stimuli was the demonstra-
tion that capsaicin, the pungent ingredient in many
‘hot’ foods, induces cation influx in the pain-sensing
neurons referred to as nociceptors [1,2]. This finding
was followed by the breakthrough discovery that a
relative of the Drosophila TRP cation channel — which
functions in phototransduction [3] — is activated by
the vanilloid compound capsaicin [4]. The vanilloid
receptor, TRPV1 (Figure 1), is activated by both ‘hot’
foods and temperatures above ~43°C, providing a
molecular explanation for the curious but longstand-
ing observation that these two very different types of
stimulus can elicit similar sensations.
The finding that a mammalian relative of the
Drosophila TRP channel is a heat sensor begged the
question as to whether other members of the TRP
superfamily account for the ability of humans and other
animals to respond to temperatures from very cold to
very hot. Before the isolation of TRPV1, the only mam-
malian TRP proteins known were the classical or
canonical TRP channels, TRPCs, which are highly
related to Drosophila TRP [5]. None of the TRPCs,
however, appears to be a temperature sensor. Rather,
three subsequently identified members of the TRPV
subfamily turn out to be Ca2+-permeable non-selective
cation channels which are activated by temperatures
ranging from comfortably warm to highly noxious heat
[6–11] (Table 1).
But what are the cold sensors? In addition to the
TRPC and TRPV subfamilies, there is a third subfam-
ily, TRPM, which until recently had received little
scrutiny. Last year, two contemporaneous papers
[12,13] reported that mouse and rat TRPM8 (Figure 1),
the rodent homologs of a human protein upregulated
in prostate cancer [14], are activated by cool temper-
atures with a threshold (~23–28°C) below that of
normal skin temperature (~32°C). Reminiscent of the
regulation of TRPV1 by either heat or capsaicin,
TRPM8 is also activated by agents, menthol and icilin,
that elicit cool-like sensations. Thus, TRPM8 and
TRPV1–4 appear to account for the cation influx
induced over a large proportion of the temperature
range sensed by mammals. A notable gap, however,
has been the absence of a channel activated with a
very low threshold temperature.
The already hot fields of nociception and thermo-
sensation have now heated up further with the
finding [15] that a member of the least characterized
TRP subfamily, TRPN, is a cold-activated cation
channel. Before this report, the only characterized
member of the TRPN subfamily was Drosophila
NOMPC [16], a protein required for mechanosensa-
tion and which has the added distinction of being the
world-record holder for the number of tandem
ankyryin repeats (29 in total). While the TRPC, TRPV
and TRPM subfamilies each have 6–8 members, it
seems that mammals have only a single TRPN
protein. The lone human representative — p120,
referred to here as TRPN1 — was identified several
years ago in a screen for genes down-regulated in
transformed fibroblasts [17].
Despite the initial detection of TRPN1 in cultured
fibroblasts, the mouse homolog, ANKTM1, is highly
enriched in a subset of neurons in the dorsal root
ganglia (DRG) and is activated by noxious cold, with a
threshold of ~17°C [15]. Unlike TRPM8, ANKTM1 does
not respond to menthol, though it is activated by icilin.
An intriguing observation is that nearly all of the DRG
neurons expressing ANKTM1 also express TRPV1,
though TRPV1 is present in many additional neurons
that do not express ANKTM1. The intriguing existence
of neurons which co-express ANKTM1 and TRPV1
may account for the observation that localized heat
can sometimes evoke a cold sensation [18].
An unresolved issue is the normal function of
ANKTM1/TRPV1 co-expression. The two channel
proteins may not form heteromultimers or directly influ-
ence each other, as the effects of introducing these
two proteins into the same tissue culture cells appear
to be the simple sum of those resulting from expres-
sion of the individual channels. One idea is that the
channel activities in neurons expressing both TRPV1
and ANKTM1 may be integrated and contribute to an
accurate assessment of the temperature [15]. An
intriguing alternative explanation, given that TRPV1
responds to a variety of stimuli (Table 1), is that dual
expression of TRPV1 and ANKTM1 might allow such
cells to respond simultaneously to cold and other ago-
nists, and promote hyperalgesia.
Many questions remain concerning the roles of
ANKTM1 and the other thermoresponsive channels.
These include the issue of whether cold and icilin
activate ANKTM1 through common or distinct
mechanisms. Do these stimuli induce conformational
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changes in the channels or operate through second
messenger pathways? What are the functions and
modes of activation of the temperature-responsive
channels in non-neuronal cells? It also remains to be
determined whether additional thermally activated
channels exist, such as one with an activation thresh-
old in the ultracold range. Such channels may be
uncharacterized proteins or heteromultimers com-
posed of different combinations of the known hot and
cold channels.
Of great interest are the identities of proteins, in
addition to the TRP channels, that operate in
nociceptive pathways. An exciting step in this direction
is the establishment of Drosophila as a model organ-
ism for dissecting the genetics of nociception. In the
latest in a long-line of seminal behavioral screens from
the Benzer laboratory, Tracey et al. [19] sought to
isolate mutants with a reduced response to noxious
heat. While wild-type larvae exhibit a vigorous rolling
behavior in response to application of a heat probe —
threshold 39–41°C — approximately 50 lines exhibited
various degrees of insensitivity to the heat probe. One
of the most insensitive mutants identified, referred to
as painless, also exhibited a decreased response to
noxious mechanical stimuli; but painless mutant larvae
display a normal response to a light touch.
Consistent with the theme which has emerged from
studies on mammalian nociception, the painless muta-
tion disrupts a member of the TRP superfamily. A sur-
prise, however, is that the Painless protein is not a
member of the TRPV subfamily, which includes all of the
known heat-responsive channels. Rather, Painless is a
TRPN protein related to ANKTM1 (Figure 1) [19].
Although Painless has not been shown to be a heat-
responsive channel directly, this is the most likely
possibility, given the painless phenotype and the
absence of heat-evoked spiking in the mutant multi-den-
dritic neurons, which normally function in heat-response.
TRPN proteins thus appear to serve as channels respon-
sive to either noxious cold or noxious heat.
Equally exciting to the identification of Painless as a
member of the TRP superfamily is the possibility that
analyses of other mutants with reduced heat
sensitivities will lead to the molecular dissection of a
nociceptive pathway. Such mutants might disrupt
proteins that interact directly with Painless, that
operate further downstream in the signaling cascade
or that affect the development of the multi-dendritic
neurons. Identification of additional proteins that func-
tion in the nociceptive pathway, if conserved in
mammals, could provide new protein targets for
developing drugs to serve in pain management.
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Table 1. Thermosensitive channel proteins.
Channel Threshold (°C) Other activating stimuli Expression
Mammals
TRPV1 ≥43 Capsaicin, anadamide, PIP2, Dorsal root ganglia (DRG), trigeminal ganglia (TG)
Extracellular H+
TRPV2 ≥52 Translocation DRG, spinal cord (SC), brain, spleen, small and large 
intestines
TRPV3 ≥30–39 DRG, keratinocytes, tongue, TG, SC, brain
TRPV4 ≥27 Hypotonicity, phorbol esters kerotinocytes, kidney, lung, spleen, testis, endothelium, 
liver, heart
TRPM8 ≤23–28 Menthol, icilin DRG, TG, prostate
ANKTM1 (TRPN1) ≤17 Icilin DRG, fibroblasts
Drosophila
Painless ≥39 Strong mechanical stimuli Multi-dendritic, chordotonal and other PNS
and CNS neurons; gonad; dorsal vessel
Figure 1. Domain organizations of
thermo-responsive channel proteins.
Indicated are the transmembrane seg-
ments (red), ankyrin repeats (green) and
the TRP domain (blue). The TRPV proteins
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